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Abstract revolution frequency. The quadratiependence ahe path

We present a novel method for measuringehergyloss difference ontime results from integrating thénear

per turn in arelectron storageing. Themethod involves energy difference per turn.

the accuratemeasurement of thehange inthe rotation Equation (2)suggests that, if one @ble to measure the

period of an uncaptured electrbnnch using alual-sweep total pathdifference, it ispossible tomeasurghe energy

streak camera. In owpinion, thismethod is moralirect loss per turn, all other parameters being known.

and accurat¢han other techniques. We presemamples Alternatively, if it is possible taneasurehe energyloss

of measurements performed at the Advanced Light Sourcger turn by other means, thenethod is suitable for
measuring the momentum compaction.

1 INTRODUCTION

During our studies of longitudinal injection transients 3 EXPERIMENTAL SETUP

described in Ref.[1], we had occasion to obséinesdecay We inject a single bunch of about 0.25 mA from the 1.5
of the beam with the RF systetarned off. In such a Gev booster ring into the mastorage ring with the RF
situation it is impossible to store bedar longer than a power set to zero. The injection rate is 1 &fe wetarget
few tens of a millisecondHowever, werealized the the same RF bucket so that it is possibleterage over
application of this observation astechnique to measure several injection cycles inrder toimprove the signal-to-
the energyloss per turn due tosynchrotron radiation and noise ratio.

potentially some other interesting machiparameters. The streakcamera is atthe end of our beam physics
Although it is possible taneasurethe energyloss per dedicatecoeamlinewherethe synchrotron lightoriginates
turn in other ways, we belieuwbis technique isthe most in one of thebending dipolemagnet. Its fastvertical
direct andaccurategiven the availability of alual sweep deflection plates are driven by al25 MHz sinusoidal

streak camera (Hamamatsu C5680). voltage synchronized tothe 500 MHz RF frequency
We describehis techniquebelow andgive an example of (synchroscan), while the slower horizontaveephas an
its application at the ALS. adjustable scale to observe from a fraction of a turn up to
a few thousands of turns.
2 DECAYING BEAM TRANSIENT The injection procesdiming in the ALS hasdirect

o ) ) consequences on our ability to take data and , in particular,
When an electron bunch isjectedinto the storage ring to averagever severalnjection shots so we wilbriefly
with the radiofrequency (RF) power turned off, it begins tQj,strate how wehad to implement sofware changes to
lose energy to synchrotron radiatiodts orbit spirals gptain data right at the injection.
inwardsandthe beam eventuallyjits anapertureand is \yhen the booster ring magnets have reached their nominal
lost. The ring orbitperiod also variesaccording to the yajues for1.5 GeV, anend-of-rampsignal is generated.

relation: The control system then waits for the figtcurrence of
AT _ a ot (1) the coincidence clock, that is when bucketo ofbooster
To andstorage ringarealigned. Injection in thdargeted RF

wherea, is the momentum compactioand J,, is the bucket is insured by a look-up tabMherethe number of
total fractional energydifference ofthe beam from the storage ringscycles to waitfollowing the coincidence
injected energy. Above transition, wexpectthe orbit clock is recorded.

period to decreasevith time when the beanenergy is Unfortunately, none of the twavailable triggersignals
decreasingd,>0 and{§,<0). (end-of-ramp andoincidenceclock) was suitable for our
Immediately following injection, we can assume the application: the time lagpetween end-of-rampnd actual
energyloss perturn is constananda, is independent of injection is notfixed or it istoo short (such as the first
energy. In thiscasethe total pathdifference(in units of 200 us after injectionarelost) if the coincidenceclock is

time) can be expressed as: usedinstead. Oursolution was tomodify the look-up
_ e 2 table allowing for an extra delay to be added.
ATy = a Uit @ ° .
2E Finally, we want to point out that, because of the way the

wheret is the time following injectionlJ, is theenergy synchroscan operates, when the turn-to-turn path length
loss per turn, E the ring nominalenergy and f,., the difference is converted to sinusoidal verticaldeflection,
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the data taken near the synchroscan crests is lost as it fafjen, except for the wiggler, which is closed down to a 24

out of the microchannel plateacceptanceThis also can
distort themeasured drift as iwill be pointed out in
Section 4: as the bundrives earlier eacturn, we will
observe an increasing vertical deflection tre streak
camerauntil the path lengthdifference is larger than a
quarter wavelength of the synchroscarfrequency
whereuponthe verticaldeflectionwill decreaseThis is
illustrated in Fig. 1.

Langitudinal drift (nsec)

b)

(= A -
visible on SC

o p—"

s -

Vertical 5C deflection (au.)

=1 = -

I 1 1 |
[} Ry 200 300

400

Time {ised]

Figure 1. Vertical deflecting voltage shown with respect

to the longitudinal drift (i.e. arrival time) of the injected
bunch. Only deflection withen the marked band are
observed

4 EXPERIMENTAL RESULTS

Figure 2 shows a streatameraimage at injection with
the storage ring RF turned off and all the insertienices
gaps open. An expanded view of the first {80is shown
in the lower image on which a fit of the orheriod
differenceusing Eq.(2) is also shown as auperimposed
white line. This gives a valubor the radiation loss per
turn of about 94 keV, close to thexpectedvalue of 92
keV.

It is also possible possible tderive more information
from the evolution of the bunch lengtand we are
currently analyzing this.

We have repetethis process taking streadameraimages
for different positions of the ring insertiodevices. The

mm gap. Note theimproved signal to noiseratio
compared tdFig. 2 since, we th@ew software, wewere
able to average over 5 consecutive injection cycles.

The fitting curve (continuous white linexorresponds to
an energyloss per turn value of about 154 keV. AS a
reference wealso show the fi{dashedlack line)relative
to the nominal energy loss per turn of 92 keV.

In principle, to fit the data the sinusoid#flection of the
vertical sweep should been taken into account as:
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Figure 2. Streak camera images of a decaying, uncaptured
electron bunch at injection. A fit to the drift is shown as a
white line on the lower image.

wheret, is the arbitrary vertical deflection at injectidn,,
its oscillation amplitude,T,., its period and c, is
proportional to the energy loss per turn.

Comparing Egs.(2) and (3), we have:

Uy=¢c,——— 4

0 X apfrev ( )
In practice, if wejust considerthe first few tens of ms
after the injection (thais, t << T,,) we can neglect the
sinusoidal modulation of theneasuredime offset, still
mantaining a good approximation.

ALS features a wiggler, with a minimum gap of 13 mm,

and six undulators.

We took several pictures in correspondence of different gap

positions. As an exampletig. 3 displays thefitting
curve tothe images taken with all the inserticievices
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Figure 3. Streak camera image of an uncaptured bunch
with the wiggler gap set at 24 mm opening. A fit to the
drift is shown as a white lindJ{ = 154 keV). The dashed
black line corresponds to the nominal energy loss per turn

of 92 keV.

5 CONCLUSIONS

We have presented experimert@ikservations of thbeam
decay,when noradiofrequencypower is applied to the
ring, as observed on a streak camera.

The analysis of the images taken allowed us to extract the
energyloss per turn from the motion of thecenter of
charge ofthe injected bunch, thus allowindor a direct
measurement of this important parameter.

The techniguedescribed inthis paperhas beerapplied to
the AdvanceLight Sourcestorage ringandthe change in
the energyloss per turn with different insertion devices
gap openings has been measured.
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